EPAIR and replacement of vessels, particularly those of small caliber, have presented a difficult problem in surgery.
It is recorded 43 that in 1759 Hallowell, an English surgeon, sutured an artery in man for the first time in medical history. Some years later, in 177~, Asman 2 experimentally sutured femoral arteries in 4 dogs. However, it was not until the latter part of 1800 that rather extensive work and animal experimentation in vascular surgery was begun. In 1889 Jassinowsky 3s published the results of his experiments on the carotid arteries of dogs, horses and calves and stated that the arterial wounds could be sutured with preservation of their lumen.
The technical difficulties and unsatisfactory results of suturing divided vessels prompted Robert Abbe in 1894 ~ to use artificial tubes for end-to-end anastomosis. He devised a small hourglass-shaped tube made of thin glass to join the two ends of the divided femoral artery in a dog. Three years later a small ivory prosthesis was introduced by Nitze 49 for intima-to-intima anastomosis of a divided vessel. In 1900 Pay# ~ used absorbable magnesium prosthesis and subsequently Jensen 39 from Copenhagen applied bone prosthesis for anastomosing a divided vessel.
Carrel 7 and Carrel and Guthrie 1~ obtained remarkable results in vascular surgery in the early 1900s which started their auto-, homo-, hetero-and finally organtransplantation experiments on laboratory animals. Their method was a meticulous technique of suturing using silk. Although this technique was accepted by most surgeons, some investigators continued the search for an easier and more satisfactory method of vascular anastomosis. In 1904 Brewer 6 used an adhesive plaster for repair of wounded femoral arteries in dogs. The results were discouraging. Carrel s,9 in 191~ studied various prostheses for vascular replacement. He utilized glass, aluminum and gold-plated aluminum tubes in dogs. Tuffier 66 in 1917 introduced a paraffined silver tube for temporary re-establishment of the circulation in a divided artery. Neuhof 4s in 1918 used fascia to patch partial defects of the carotid artery, femoral artery and abdominal aorta in dogs.
By 19~0 surgeons interested in vascular surgery were quite aware of the possibility of reconstructing blood vessels and preserving their patency. They had developed techniques for end-to-end, end-to-side and sideto-side anastomosis. They had studied auto-, homo-and hetero-transplantations; they had devised various prostheses and even adhesive techniques, but none of these was quite satisfactory, especially when small vessels were involved.
Following World War I, despite the discouraging results in vascular repair of battle casualties, vascular surgery did not receive very much attention. The 19~0s and early 1930s were rather quiet years regarding progress in vascular surgery. However, in the latter part of the 1930s surgeons started experimenting on blood vessels. To some extent the results of these experiments served to improve the techniques for arterial repair used during World War II. In 1938 Kabat 4~ described a new method of arterial anastomosis for acute experiments by using an eversion frame. Isenberger Thirty-five healthy mongrel dogs were used in these experiments. The animals were anesthetized with thiopentone, complemented by Halothane. The femoral artery (in a few cases, the carotid or brachial artery, Table ~), was exposed in the upper portion of the leg through a straight incision parallel to the course of the vessel. The artery was occluded between two bulldog clamps or Mayfield's clips. A longitudinal incision as shown in Fig. 1 , or, in a few cases, wedge or square resection or transectional incision (Figs. ~ and 3 and Table e), was made in the wall of the artery with a special needle (Fig. 4) . The length of the incision varied from ~ mm. to 60 mm. (Table 3) . A Teflon strip which measured 8-14 mm. longer than the incision was chosen. Contact Cement was placed on the center of the Teflon from one end to the other and also on the wall of the artery. The Teflon was placed underneath the artery by means of two forceps, and the artery was pressed gently against it by the tip of the middle finger. The remaining Teflon was glued to the arterial wall except around the incision (preventing the entrance of the glue into the arterial lumen) in such a way that the Teflon overlapped itself (Fig. 1 ). The distal Mayfield clip then was removed and the patch was observed for any oozing. If none occurred, the proximal clip also was taken off and light digital compression was applied to the artery for a few minutes while protected with a piece of gauze. The wound then was closed in layers.
Repairing of a longitudinal incision or wedge resection of the arterial wall does not produce any particular problem except that in the latter case reinforcement is necessary, using a slightly bigger piece of Teflon (Fig. 5) . Transectional incisions, however, produce special problems. The main problem is retraction of the artery when it is cut, particularly when the artery is of small caliber with a thin wall. The two free ends of the artery roll over and separate from each other for about 4 or 5 cm. Bringing these two ends together is rather artery for patching. Here again reinforcement is necessary for a good result in patching. The time required for arterial patching varies according to the type and the size of the incision. A period of 15 min. is sufficient for the longitudinal type of incision. Patching was timed from circulatory arrest to re-establishment of circulation. In wedge resections and transectional type incisions e5 to 80 rain. are necessary for patching.
Following operation angiography was done at intervals varying from ~ days to 85 days postoperatively, and the animals then were sacrificed. The site of operation was opened and examined, and the patched artery was removed for microscopic studies. Mortality Rate. T e n of 35 animals died.
F o u r deaths were caused b y p n e u m o n i a and b r o n c h o p n e u m o n i a , 3 died of bleeding a t the site of operation secondary to detachm e n t of the p a t c h several hours following the operation, ~ from anesthetic causes and 1 from gastrointestinal hemorrhage of u n k n o w n cause (Table 5) . known zinc oxide plaster could be spread upon thin strips of pure rubber, it might succeed." Of the first 5 experiments performed with the thin adhesive plaster 3 arteries remained patent after 3 months, 1 ruptured and 1 showed aneurysmal formation on the 13th postoperative day.
Of the 8 experiments done with the heavy adhesive 6 presented occluded vessels. Brewer concluded that the cause of occlusion was the pressure exerted on the wall of the vessel by the heavy plaster.
Since the toxicity of the adhesive plaster is not discussed and the microsopic findings of the autopsy specimens are not described fully, it is rather unjustifiable to draw such conclusions. I t is probable that the better results in the first 5 experiments were ascrib- able to the use of. thin plaster which contained less adhesive substance and perhaps was less irritant.
N a t h a n et al. 47 used AD/here (methyl alpha-cyanoacrylate) for arterial repair. When this material is applied to the arterial wall it produces an inflexible film which is strongly adherent. The results of the 39 experiments carried out on the abdominal aorta of the dog were satisfactory regarding the arterial approximation. There were only 4 deaths caused by hemorrhage and 5 false aneurysms. However, necrosis in the arterial wall was discovered when the autopsy specimens were examined microscopically.
The authors stated in their summary, "Further work will be directed toward developing more flexible films and an agent less irritating for tissue." Carton et al. 14,1~ applied Eastman 910 adhesive (methyl ~-cyanoacrylate) to repair arterial wounds. This substance is similar to AD/here and apparently does not produce excessive foreign-body reaction. Of 85 patched carotid arteries there were 7 with early hemorrhages; in the remaining 78 arteries the patches were all successful, with 100 per cent patency. Of ~5 simple patches ~0 aneurysmal dilatations were noted, but when reinforcement was performed no aneurysmal formation occurred in 17 of 5~ patches after a month or more following the operation. The remaining 35 reinforced patches were not studied (animals were not sacrificed) at the time of the report. The authors 15 stated at the end of their discussion, "Long-term studies of patency of vessels, aneurysmal formation, late hemorrhage, and the fate of the plastic bond, are required prior to applicability in the human."
Carton and associates 13 later used Eastman 910 adhesive intracranially and patched a hole in the right internal carotid artery, at the site of an aneurysm. Postoperative angiography ~ 89 months following the operation revealed narrowing of the right internal carotid artery (at the patched area), excellent filling of the right middle cerebral vessels and absence of filling of the right anterior cerebral artery.
The main disadvantages of AD/here are: (1) necrotizing features, and (~) inflexibility of the adhesive. Eastman 910 is also inflexible and somewhat irritating to mucous membrane. In neural tissue it produces inflammation, demyelination, axonal loss, and necrosis. 41 Nevertheless, the effect of Eastman 910 on the arterial wall in long-term experiments has not been demonstrated to date.
Necrotizing and inflexibility are ~ proper~ of the patch in a pulsating vessel with or without aneurysmal formation.
Bernhard et al2 employed a flexible adhesive (polyurethane) which is chemically inert and flexible. They obtained 90 per cent patency in 50 experiments, ageing from 1 week to 4 months. Ten per cent failure (thrombosis) was caused by sepsis or obstruction of the lumen of the vessel by pglyincr.
Flexibility and chemical inertness are most important characteristics of this adhesive. If in long-term experiments this flexibility and inertness remain stable a very essential problem of nonsuturing method of vascular reconstruction would be solved.
In adhesive techniques there are ~ common technical difficulties which may interfere with vascular patency: (1) entrance of adhesive substance into the lumen through the incision, and (~) patching the vessels in a collapsed state. This probably could be prevented by placing a temporary cylindric tube or other objects of appropriate size into the lumen prior to patching. A similar technique was used by Carton et al. 15 in 1961 ("obturator anastomosis").
Contact Cement is a flexible adhesive but it is irritative and produces necrosis of the arterial wall. The necrotizing property could affect the artery both intra-arterially by irritating the intima and extra-arterially by damaging the media. The toxicity of this adhesive was the main factor in our discouraging results.
Summary
A brief history of vascular surgery has been outlined. A nonsuturing technique similar to those described by Carton for repair of small arteries with the use of Contact Cement and Teflon graft is described. The factors responsible for unsatisfactory results of nonsuturing technique are mentioned. This type of repair will continue to be unties that may cause discouraging results ir~ ~ ~ ~:satisfactory until a nontoxic adhesive can be long-term experiments by thrombosis orJ,~found. hemorrhage. Hemorrhage is caused either " References by rupture of necrotic areas or erosion of the 
